Introduction
The interaction of diazoalkanes Ar1Ar2CN 2 with transition metal complexes has been extensively studied, 1-3 due to their usefulness in the synthesis of carbene derivatives, 2,3 which are active in the catalytic cyclopropanation of alkene 4 and olefin metathesis. 5 The diazoalkane can also sometimes coordinate to the metal centre, yielding the corresponding [M]-N 2 CR1R2 complexes, 6-9 which may be of interest due to the different coordination modes shown by the azo ligand 1 and as a model for understanding N 2 coordination and functionalisation. 10, 11 However, little attention has been devoted to the reactivity of coordinate diazoalkane, which, according to its coordination mode, may react along different pathways. Although the η 2 -C,N coordination leads to N 2 extrusion and metal carbene formation, 2,3,8f σ-bound diazoalkanes can undergo cycloaddition with alkenes and alkynes. 13 In addition, σ-diazoalkane derivatives have been suggested to transfer carbenes to imines 2f and are thus relevant to imine aziridination. Cleavage of the N-N bond 2c of diazoalkane on a metal centre was also observed, together with the reduction of the coordinated N 2 CAr1Ar2 ligand.
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Our ongoing interest in the chemistry of diazoalkane complexes 9, 12, 13 led us to the synthesis of compounds with the cyclopentadienyl ligand, [Ru(η 5 -C 5 H 5 )(N 2 CAr1Ar2)(PPh 3 )L]BPh 4 , which undergo unprecedented (3 + 2) cycloaddition of coordinated N 2 CAr1Ar2 to alkenes and alkynes, affording 3H-pyrazole derivatives. 13 These results prompted us to extend our studies to the half-sandwich indenyl fragment [Ru(η 5 -C 9 H 7 )-(PPh 3 )L] + , 14 to test whether related diazoalkane complexes could be formed and how their properties change. The results of these studies are reported here.
Results and discussion
Preparation of diazoalkane complexes + fragments (L = phosphite) can stabilise diazoalkane derivatives, which were separated as orange solids stable in air and solutions of polar organic solvents, in which they behave as 1 : 1 electrolytes. 15 Their characterisation is supported by analytical and spectroscopic (IR, NMR) data and by X-ray crystal structure determination of [Ru(η 5 -C 9 H 7 ){N 2 C(C 12 H 8 )}-(PPh 3 ){P(OEt) 3 }]BPh 4 (3c). The asymmetric unit in 3c contains the complex cation and a tetraphenylborate anion. Fig. 1 shows the cation complex and in Table 1 a selection of bond distances and angles is set out. The cation contains a ruthenium atom in a classical halfsandwich piano-stool structure, coordinated by a η 5 -indenyl ligand yielding two phosphane ligands, one PPh 3 and one P(OEt) 3 , and a 9-fluorenediazenido ligand bound to the Ru centre via the terminal nitrogen atom. In such half-sandwich species, the overall geometry of the complex is well-known to be octahedral and is marked by near 90°values for angles P-Ru-P and N-Ru-P. The angles between the centroid of the five-membered ring on the indenyl (CT) and the legs are close to the theoretical 125.3°. The coordinative behaviour of the indenyl ligand shows that the metal is centred in a η 5 -fashion, with scarce slippage, similar to that found in other Ru(η 5 -indenyl) complexes.
14a,16
The indenyl ligand can act in a η 5 -fashion, a η 3 -fashion, 14c or even a η 1 -coordination mode, 14f and slippage is a good indicator of its behaviour. Slippage measurements for 3c, and also for other complexes described below, are the parameters quoted in Table 2 . The distance between the perpendicular projection of the Ru atom on the ring best plane and ring centroid (entry 1) is quite short, showing little slippage. 17 Fold angle Ω (entry 2), which is the angle between the plane of carbon atoms 1, 2, 3 and carbon atoms 1, 3, 8, 9, where C(8) and C(9) are hinge carbon atoms, and the root-mean-square deviation of the five-membered ring from the best-fitted plane pentagon (entry 3), are also good indicators of the proposed Scheme 1 L = PPh 3 (1), P(OMe) 3 (2), P(OEt) 3 (3); Ar1 = Ar2 = Ph (a); Ar1 = Ph, Ar2 = p-tolyl (b); Ar1Ar2 = C 12 H 8 (c) . 
a CT1 represents the centroid of the five membered ring of the η 5 -indenyl ligand. This code is also used in the text. The bond distances at the diazenido moiety, Ru-N(1) of 1.990(2), N(1)-N(2) of 1.154(3) and N(2)-C (11) that not only cyclopentadienyl but also indenyl half-sandwich fragments can activate coordinated diazoalkane towards (3 + 2) cycloaddition with alkene and alkyne. However, in indenyl complexes 1-3, the substitution reaction is predominant with respect to cyclisation, with the result that this ligand is less capable of activating ArN1N2 towards the formation of 3H-pyrazole species. The facile substitution of the diazoalkane ligand in complexes 1-3 is probably due to a mere indenyl effect, attributable to ring slippage. The new indenyl complexes 4-9 were all isolated as their BPh 4
-salts and are stable in air and in a solution of polar organic solvents, in which they behave as 1 : 1 electrolytes.
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Analytical and spectroscopic (IR and NMR) data support the proposed formulations for the complexes, which are further confirmed by X-ray crystal structure determination of [Ru(η 5 -
The asymmetric unit in 9d also contains the complex cation and a tetraphenylborate anion. Only the cation is shown in Fig. 2 ; Table 3 gives a selection of bond distances and angles. The cation contains a ruthenium atom in a classical half-sandwich piano-stool structure coordinated by a η 5 -indenyl ligand, two phosphane ligands, one PPh 3 and one P(OEt) 3 , and a 2-phenylvinylidene ligand. The overall geometry of the complex is well-known to be octahedral and is marked by near
90°values for angles P-Ru-P and C-Ru-P or the angles between the centroid of the five-membered ring on the indenyl (CT) and the legs, close to the theoretical 125.3°. As was shown for 3c, and from the values set out in Table 2 , the coordinative behaviour of the indenyl ligand shows that the metal is centered in a η 5 -fashion, with little slippage. The ruthenium vinylidene RuvCvC moiety is almost linear, with a Ru-C(1)-C(2) angle of 174.8(8)°. The vinylidene Ru-C(1) bond length, 1.828(10) Å, corresponds to a ruthenium-carbon double bond and is only slightly longer than that found in related compounds, such as 1.81 (1) 31 The C(1)-C(2)-C(3) angle, 128.7(10)°, is also consistent with a sp 2 hybridisation for the C(2) atom.
However, the phenyl ring and vinylidene units are not coplanar, contrasting with the planar RuvCvCHR moiety found in the above-mentioned complexes. [29] [30] [31] Therefore, if the plane of the phenyl ring is considered (r.m.s. deviation of 0.0072 Å), in 9d the C(2) atom is coplanar [deviated by 0.011(2) Å] but C(1) is deviated by 0.55(3) Å and the ruthenium atom lies at 1.20(4) Å from the plane. At room temperature, besides the signals of the supporting ligands, the 1 H NMR spectra of ethylene complexes [Ru(η 5 -
show a triplet at 2.19 ppm for 4 and two multiplets at 2.41 and 1.94 ppm for 5, attributed to the protons of the ethylene ligand. Lowering the sample temperature caused some variation in the spectra, but ethylene peaks were still broadened even at −90°C, suggesting that rotation of CH 2 vCH 2 still occurred at this temperature. However, the room temperature pattern of mixed-ligand complex 5 can be simulated by an ABCDXY model (X, Y = 31 P)
with the parameters reported in the Experimental section, and the good fit between calculated and experimental spectra strongly supports the proposed attribution. In the temperature range +20 to −80°C, the 31 P{ 1 H} NMR spectra show either a singlet at 44.64 ppm for 4 or an AB system for 5, fitting the proposed formulations for the complexes. The IR spectrum of the
BPh 4 (7) shows two bands of medium intensity at 1824 and 1724 cm −1 , attributed to the ν CO of the maleic anhydride. The 1 H NMR spectrum confirms the presence of this ligand, showing two multiplets at 3.13 and 2.59 ppm, which can be simulated with an ABXY model (X, Y = 31 P) and were attributed to vinylic vCH hydrogen atoms.
Further support for the presence of the η 2 -ma came from the 13 C NMR spectrum which, besides the signals of the ancillary ligand, showed two singlets at 170.8 and 170.2 ppm, attributed to the two CO carbon resonances, and two doublets at 30.11 and 27.31 ppm of the olefinic CHvCH carbon resonances, fitting the proposed formulation for 7.
The IR spectra of 1H-pyrazoline complexes [Ru(η 5 -C 9 H 7 )-
weak bands at 2230-2228 cm −1 , attributed to the ν CN of the 1H-pyrazoline ligand. Apart from the signals of the ancillary indenyl and phosphine groups, the proton NMR spectrum of 6b, obtained as a mixture of diastereoisomers (about 1 : 1 ratio), shows two AB systems at 3.07 and 3.02 ppm, attributed to the methylene protons (H4) of the pyrazoline ligand. Coupling with NH is probably so weak that it could not be observed by us. The 31 P and 13 C NMR spectra also confirm the presence of two diastereoisomers, due to the two stereocentres in the molecule -i.e., the ruthenium atom and the C5 atom of the heterocyclic ligand -showing two AB systems for the 31 P nuclei and two sets of signals for the 13 C carbon atoms of the ligand, fitting the proposed formulation. The 1 H NMR spectrum of 6c, which contains fluorene C 12 H 8 as a substituent, shows only one AB system for the methylene protons H4, and only one AB system appears in the 31 P spectrum. Ru-CT1 1.9631(7) Ru-C(1) 1.828(10) Ru-P (1) 2.348(2) Ru-P(2) 2.283(2) Ru-C (11) 2.266 (9) Ru-C (18) 2.365(9) Ru-C (12) 2.225(10) Ru-C (19) 2.447(9) Ru-C (13) 2.211(8)
a CT1 represents the centroid of the five membered ring of the η 5 -indenyl ligand. 31 P spectrum is an AB system, fitting the proposed formulation for the complex.
The The asymmetric unit in 14d contains the complex cation and a tetraphenylborate anion. Only the cation is shown in Fig. 3 ; Table 4 gives a selection of bond distances and angles. Once more the cation contains a ruthenium atom in a classical half-sandwich piano-stool structure coordinated by a η 5 -indenyl ligand, two phosphane ligands, one PPh 3 and one P(OEt) 3 , and a alkenyl-phosphonium ligand. As was shown for the above-described cation complexes, the overall geometry of the complex is octahedral and the coordinative behaviour of the indenyl ligand shows that the metal is centered in a η 5 -fashion, with little slippage (see data in Table 2 ). The alkenyl-phosphonium group shows that the phosphine bonds to the Cβ atom of the alkenyl group with an E configuration. The Ru-C(1) bond length, 2.056(7) Å, is similar to that reported for other alkenylphosphonio-ruthenium(II) complexes, like those described by Lynam et al., between 2.063(5) and 2.090(2) Å or others included in its publication for comparative purpose. 33c The C(1)-C(2) bond length, 1.34(1) Å, is typical of a carbon-carbon double bond, and the P-Cβ bond length, C(2)-P(3) 1.805(8) Å, is not very different from that found for other phosphonium compounds, like those studied by Lyman et al.
33c
The conformation of the alkenylphosphonium ligand is worth noting, since the CvC bond plane is almost perpendicular to the indenyl plane, as shown by the value [85.0(3)°] of the dihedral angle between the P(3)-C(11)-C(2)-C (1) (14d) shows a multiplet at 10.20, simulated with an ABCX model (X = 1 H) and attributed to the CH proton of the alkenylphosphonium ligand. The 31 P NMR spectrum appears as an ABC system, simulated with the parameters reported in the Experimental section and suggesting a geometry in solution like that found in the solid state (Fig. 3) . Besides the signals of the indenyl and phosphine ligands and the BPh 4 anion, the 1 H NMR spectrum of the alkenylphosphonium complex [Ru(η 5 -C 9 H 7 ){C( p-tolyl)vC(R)P(OMe) 3 }-(PPh 3 ){P(OEt) 3 }]BPh 4 (15e) shows a different pattern with respect to that of the related 14d, showing an apparent doublet at 6.74 ppm. This signal was simulated with an ABCX model (X = 1 H; A, B, C = 31 P), the parameters of which (see the Experimental section) indicated that the hydrogen is strongly coupled ( J HP = 85.69 Hz) with only one phosphorus nucleus, suggesting a β-position of the vinyl proton, as in geometry II (Scheme 11). The 31 P NMR spectrum appears as an ABC system, with parameters fitting the proposed geometry for the complex. Further support came from the 13 C NMR spectrum, which shows a multiplet at 167.16, simulated with an ABCY model (Y = 13 C; A, B, C = 31 P) with the parameters reported in the Experimental section and attributed to the Cα carbon resonance of the alkenylphosphonium ligand, matching the proposed formulation.
Conclusions
We report in this paper that the indenyl ligand in half-sandwich fragments [Ru(η 5 -C 9 H 7 )(PPh 3 )L] + can stabilise diazoalkane complexes [Ru]-N 2 CAr1Ar2. Among the properties shown by these complexes, worthy of note is the dipolar (3 + 2) cycloaddition of the coordinate diazoalkane, both with activated (23) 2.216(8) C(1)-C(2) 1.337(10) C(2)-P(3)
1.805(8) C(2)-C(11) 1.514(10)
CT1-Ru-P(1) 126.46(6) CT1-Ru-P(2) 122.32(6) CT1-Ru-C(1) 128.6(2) P(1)-Ru-P(2) 93.16(7) C(1)-Ru-P(1) 86.5(2) C(1)-Ru-P(2) 88.22(18) Ru-C(1)-C(2) 133.9(5) C(1)-C(2)-C(11) 129.6 (7) a CT1 represents the centroid of the five membered ring of the η 5 -indenyl ligand. (7). In a 25 mL three-necked round-bottomed flask were placed solid samples of 3b (100 mg, 0.085 mmol), an excess of maleic anhydride (ma) (50 mg, 0.45 mmol) and 5 mL of dichloromethane. The resulting solution was stirred for 24 h and then the solvent was removed under reduced pressure to give an oil, which was triturated with ethanol (2 mL) containing an excess of NaBPh 4 (0.17 mmol, 58 mg). A yellow solid slowly separated out, which was filtered and crystallised from CH 2 Cl 2 and EtOH; yield ≥65%. A solution of the diazoalkane complex 2c (100 mg, 0.09 mmol) in 10 mL of dichloromethane was stirred under acetylene HCuCH (1 atm) for 24 h. The solvent was removed under reduced pressure to give an oil, which was triturated with ethanol (3 mL) containing an excess of NaBPh 4 (0.18 mmol, 62 mg). A red-orange solid slowly separated out, which was filtered and crystallised from CH 2 Cl 2 and EtOH; yield ≥75%. 1 H NMR (CD 2 Cl 2 , 20°C) δ: 8. 47H, 7.89 (d), 6.86 (m, 2H, CHvCH), 5.50 (m, 1H, H2 Ind), 5.44, 3.96 (br, 2H, H1 + H3 Ind), 3.40 (d, 9H, CH 3 An excess of n-propylamine (16 µL, 0.27 mmol) was added to a solution of the vinylidene complex 9d (100 mg, 0.09 mmol) in 7 mL of dichloromethane and the reaction mixture was stirred at room temperature for 24 h. The solvent was removed under reduced pressure to give an oil, which was triturated with ethanol (2 mL) containing an excess of NaBPh 4 (0. (12) [R = Ph (d), p-tolyl (e)]. These complexes were prepared following the method used for the aminocarbene complex 11, by reacting vinylidene complexes 9d and 9e with an excess of phenylhydrazine instead of n-propylamine; yield ≥90%. 30 mmol, 103 mg) , an excess of PPh 3 (0.30 mmol, 79 mg), 5 mL of ethanol and enough dichloromethane to obtain a solution (3-5 mL). The reaction mixture was stirred under acetylene HCuCH (1 atm) for 24 h and then the solvent was removed under reduced pressure to give an oil, which was triturated with ethanol (2 mL). A yellow solid separated out, which was filtered and crystallised from CH 2 Cl 2 and EtOH; yield ≥80%. 
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Crystal structure determinations
Crystallographic data were collected at room temperature using a Bruker Smart 6000 CCD detector and Cu-Kα radiation (λ = 1.54178 Å) was generated by an Incoatec microfocus source equipped with Incoatec Quazar MX optics. The software APEX2 38 was used for collecting frames of data, indexing reflections, and the determination of lattice parameters, SAINT 38 for integration of intensity of reflections, and SADABS 38 for scaling and empirical absorption correction. The crystallographic treatment was performed with the Oscail program. 39 The structure was solved by direct methods and refined by a full-matrix least-squares based on F 2 . 40 Non-hydrogen atoms were refined with anisotropic displacement parameters. Hydrogen atoms were included in idealised positions and refined with isotropic displacement parameters. In the case of 9d, all bonds in the indenyl ligand were subjected to a 'rigid bond' restraint, by means of a DELU instruction. Details of crystal data and structural refinement are given in Table 5 .
CCDC 1050294-1050296 contain the supplementary crystallographic data for this paper. 
